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Abstract.  
Managers, in today’s companies, rely increasingly on the use of intelligent information 
systems to obtain insights and analysis which aid in their decision making process.  Based 
upon a review of the current literature and a series of interviews held with major 
transportation customers, this paper discusses the development of an application that is 
aimed to aid decision makers in the assessment and evaluation of the wide variety of 
complex interacting variables involved in the evaluation of e-business investments within 
the railway industry.   
The model defines that to complete a holistic assessment of any e-business implementation 
it is necessary to carry out a holistic assessment that includes both internal and external 
aspects of the organisation, as well as the technical architectural aspects.  A preliminary 
fuzzy evaluation combined with analytical hierarchy process and linguistic scaling is used 
to give an assessment of the current state of eMaturity within the organisation, the state of 
the external environment and the proposed core functions of the system being 
implemented.  This determines the selection of the critical attributes which will impact the 
potential value and risk of the investment to the organisation.  These attributes are then 
assessed using a technique of fuzzy evaluation to determine the “real worth” current value 
to the organisation. 
 
1. BACKGROUND 
Despite numerous scares associated with the technology crashes in the late nineties, the 
market for e-business services continues to grow.  It is clear that the transportation industry 
will continue to operate in an increasingly e-enabled environment in the future (Smith et 
al. 2003a).  The anticipation is that emerging e-business technologies will be used to create 
a more effective and efficient transport service. This will be achieved through the use of 
technology, such as scanning, real-time data access, data warehousing and data mining 
techniques, sophisticated applications and intelligent management information systems.  
As new technologies rapidly hit the market, businesses have to make critical investment 
decisions without adequate understanding as to the full implications that the technology 
might have on the current processes and culture of the organisation.  Hidden inhibitors, 
such as employee reluctance to adapt and customer non-acceptance, may either inhibit the 
successful conclusion of a project or extend the original scope such that the original cost 
and investment return are severely compromised. 
1.1 Quantifying costs and benefits 
Traditional theories of information technology have tended to classify costs and benefits 
into quantifiable contributions from process and resource control, hardware and software 
savings, improvements in productivity, contributions to system restructuring capability, 
and contributions to resource utilisation (King et al. 1978).   
The latest research and practical experience however, have demonstrated that most of the 
failures to date have been due to intangible factors, often within areas previously not 
measured on the income statement.  Factors which are strategic in nature (Phan 2002); 
social (Ryan et al. 2002); and within the culture of the organisation (Krumbholz et al. 
2000), fall under this broad category.  Additionally, the very latest research has shown that 
the capacity to convert or acquire customers is to not only due to social and demographic 
external factors but also strongly dependent on cultural factors within the organisations 
themselves (Bughin 2003). 
1.2 Evaluation Methods 
Current evaluation methods have been categorised into four distinct methods of analysis 
(Patel et al. 1999).  These have been termed the economic, strategic, analytical and 
integrated approaches.  All of these methods have been criticised for being mono-
dimensional and non-dynamic.  Hence, there is still a focus on the inadequacy of current 
available methods to assess emerging technologies ((Anandarajan et al. 1999; Doherty et 
al. 2002; Farbey et al. 1993; Fitzgerald 1998), amongst others).  
Until very recently, literature still appeared to argue that intangibles should be converted 
into monetary terms in order to be “measurable”.  However, there is evidence that 
businesses are starting to grapple with the issues of placing dollar values on intangibles 
such as intellectual property, sustainability and competitive advantage. It is difficult to 
convert a factor that is initially difficult to measure into a dollar amount and recent 
literature is recognising that there are alternative measures of value (Lim et al. 2001). 
In e-business evaluation, not only are there many benefits that cannot be easily quantified, 
but their value may be different to each stakeholder (e: the direct user, the organisation, 
and the customer).  In order to successfully evaluate e-business implementation in the 
transport sector, a paradigm shift is required.  Firstly, in the fundamental understanding of 
the quantification of value as regards intangibles. Secondly, a shift is required from the 
traditional view of transportation as a stand-alone system within the supply chain with the 
customer as its commodity.  The supply chain needs to be viewed as a whole and value 
being measured in the ability to drive efficiencies throughout or in any part of it. 
2. GATHERING THE DATA 
Due to a general paucity of literature specifically related to e-business in the transport 
industry, alternative methods of data collection such as face-to-face industry interviews 
were chosen in conjunction with the literature review.  This approach was chosen to gain a 
better understanding of the main issues that could impact e-business implementation 
within the railway industry.  A greater understanding of the state of e-business trends 
within the Australian supply chains was also gained from the interviews.  By predicting the 
efficiencies and cost reduction opportunities e-business initiatives bring to the supply chain 
as a whole, the impact on the industry can be assessed.  
National logistics and information systems managers from within the largest Australian 
Fortune 50 companies participated in the study.  The interests of the companies ranged 
from retail, automotive, resources, agriculture and media. This has produced some clear 
insights into the current trends and future requirements at the “customer” end of the supply 
chain and the implication of these trends on the future of the railway industry. 
2.1 Results and analysis 
The results are summarised into three general sections as listed below:  
 
• IT and transportation - benchmarking the supply chain 
• IT: fears and inhibitors 
• IT: future issues  
IT and transportation – benchmarking the supply chain: Overall respondents rated that 
Australia’s supply chain was about 5 years behind that of it’s US and UK counterparts.  
However, it was stressed that this was not due to the lack of implementation of such 
technologies as track and trace facilities; electronic trading documentation exchange; 
electronic financial transactions (EFT); and electronic reporting capabilities.  Most larger 
transport companies were now implementing these and it was felt that in the future those 
that did not have this capacity would be significantly disadvantaged (it is interesting to 
note at this point that despite this overall attitude, the current fastest growing and largest 
retailers in the global market, do not use any technology.  They advocate that their 
business runs effectively without the technology, and that the savings they make by not 
implementing technology, can enable them to sell a cheaper product.  
However, all respondents felt that the supply chain the gap was in fact due to the lack of 
effective and “smart” use of these technologies, rather than the lack of the technologies 
themselves.  It was felt that these emerging technologies could potentially enhance control 
over scheduling, modelling (intelligent consignment and adaptability support), internodal 
interchanges, and security, and improve overall reliability and flexibility of the service.  
Efficient use of this technology to improve reliability could potentially raise rail’s position 
in the market.  It is estimated that from one company alone this could result in increased 
revenue of approximately $12 million a year for rail. 
Technology: Fears and Inhibitors: The four main concerns were given as follows: 
 
• Lack of national standards in transportation; 
• Growing concern with “chain of responsibility” as supply chain and relationships 
between parties become more integrated ; 
• Security (especially in regards to wireless technology); and 
• Growing concerns with privacy issues associated with the growing use and 
implementation of RFID technology. 
 
Lack of standards was the main concern of all the respondents as this was felt to be a 
potential major inhibitor toward the creation of a “seamless flow of information”.  
Additionally it was pointed out that the absence of standards can also create unnecessary 
future costs, for all parties within the supply chain. Issues cited included standardisation of 
data collection formats to enable real-time build up of freight trip origin-destination 
matrices; equipment identification to enable high-speed data transfer and ownership of 
data; and interface standards such as XML schemas.  Because of these concerns, many of 
these organisations have already commenced global standardisation negotiations between 
their suppliers and partners.   
This has two implications for transportation companies:  Firstly, the lack of standardisation 
within the transportation industry means that there will be potential delays and weaknesses 
in the transfer of data across the supply chain.  Secondly, as many customers are already in 
the process of implementing their own data and interface standards, it is imperative that 
transporters build their systems with adaptability and within platforms that can readily deal 
with a variety of legacy systems, data formats and interfaces. 
Technology: Future Issues: During the last few years there has been a paradigm shift— 
manufacturers are no longer the drivers of the supply chain today, the customer drives the 
agenda.   Successful manufacturers are those that can meet customer demands for options, 
as well as price and reliability.  Similarly, the interviews indicated that this trend is 
impacting on logistics providers. Tendering moving away from the traditional focus on 
cost, efficiency and time performance to including control, integrity and sustainability.   
Transfer to a more environmental alternative such as rail, improvements in vehicle 
utilisation and scheduling trips to less populated areas by collaborating with other 
suppliers, or using a third party operator were all seen as options by the respondents, that 
could improve transport sustainability.  This indicates a slight change from a decade ago 
where a survey among the managers of logistical activities pointed out that the 
environmental priority is reducing packaging and waste (Murphy et al 1994). 
The shift towards greater control is being is additionally being pushed by a growing 
demand on transporters to collect and maintain historic data in order to comply with future 
international and national legislation and requirements.  As threats from terrorism continue 
and litigation requirements demand more accurate historic data and analysis, it will 
become necessary for organisations to implement the capacity to collect and safeguard 
such data.  For example, in order to avoid potential litigation, in the future transporters 
may need to prove that perishables were kept within required temperatures and conditions 
during transport, that delays did not compromise the condition on delivery, that the goods 
were not intercepted or tampered with.   Railway corridors have an advantage over roads 
in this respect as monitoring is facilitated by the very nature of the track infrastructure.  
The increasing requirement for data means that substantial amounts of information will 
need to be transported along with the freight itself. Unless the flow of this data is digital 
and “seamless” this could potentially cause considerable costs, delays and potential errors.  
Hence it is imperative that systems being designed and implemented today consider 
standardisations within their data formats, XML schemas and other interfaces that will 
need to be integrated and adaptable.   
The interviews have shown that the greatest growing demand appears not to be for the 
technology itself but for the information that the technology can gather and analyse.  How 
this information is transferred and reported is then reliant on the e-business systems in 
place.       
All respondents claimed that they would like to see such advantages from technology as 
on-line reconsignment instructions and adaptability support; on line real-time data on 
transit times/real costing; and on-line relevant customer centric reporting.  The interviews 
identified that the implementation of IT technologies only added real value to the supply 
chain if: 
• it improved reliability and flexibility of the service; 
• it provided smart information in a format that was usable to drive efficiencies; 
• it minimised potential areas of data congestion and redundancies; 
• it created a platform for sustainability; 
• it was used as an analytical tool to drive efficiencies throughout the whole of the 
supply chain; and 
• it was used to enhance collaborative development with partners on either end of the 
supply chain. 
 
These factors give us an indication of how to obtain maximum value from the 
implementation of the technology.  However, it is evident that these factors will not be 
fulfilled unless there is a real understanding of customer demands and requirements, a full 
understanding of the supply chain and the data requirements to drive efficiencies within it, 
and an accessible, reliable and up-to-date source of current and historic data. 
3. THE CONCEPT 
A model is being developed to evaluate the total ‘benefit’ and ‘risk’ to the organisation in 
the implementation of a chosen e-business or related technology.  It is intended that the 
model will act as an aid to the decision maker, to further enhance the knowledge required 
to allocate critical resources in order to obtain maximum benefit and minimise risk of 
failure.    
The fundamental concept of the model is to embellish the holistic view of the organisation 
(Figure 1) in the evaluation process. 
 
 
 
 
 
 
 
 
 
Experience has shown that an e-business system is fundamentally a communicative and 
collaborative one, extending and enhancing communications internally between 
organisational sectors, and externally between partners, customers and even potential 
competitors and saboteurs.  Surveys have shown that current attitudes and trends, 
traditional values, organisational cultures, and even aspects such as the current economic 
environment and global directives can indirectly affect the acceptance and uptake of 
technology.  Hence, an evaluation assessment must take into account these external 
relationships and the totality of the impact on their structure, as well as the potential 
throwback to the internal dimensions within the organisation.  
Figure 1 Evaluation categories 
 
Empirical data on post-implementation costs conducted in global industries such as retail, 
automotive, amongst others, has shown the potential additional costs which have occurred 
due to lack of standardisation within the basic architecture of a system.  Quantitative costs 
include additional software upgrades, consultant and programming costs.  Threats to the 
successful implementation of an e-business system include potential integration problems, 
delays in data transference, data redundancies and delays, and errors in any manual data 
entering.  Industry surveys undertaken as part of this project confirm that this experience 
has been global, with many organisations commencing to formalise data and interface 
standards, both amongst their industrial partners and their competitors. 
Hence, it is concluded that to enable one to undertake a realistic assessment of an e-
business system, one must have a holistic view, that is, extend beyond the boundaries of 
sectors and organisation and consider both the external and internal categories. 
Additionally, fundamental to the efficient working of a communication system is the 
backup infrastructure, in this case, platforms that allow easy integration between a variety 
of systems and channels that allow efficient transfer of a variety of data mediums. 
3.1 Evaluation categories 
Thus, we begin to see that hidden costs and benefits may lie within three main categories; 
1) the digital pathway to, and the congress between organisation and external parties, 2) 
the relationships and the network between those relationships within the organisation, and 
3) the fundamental architecture of the system.  To maximise benefit and minimise 
potential costs, it would appear that each category must be minimally compromised, with 
dependencies within each category defined and satisfied. 
 
Figure 3 defines the three categories and demonstrates the subdimensions of value. 
3.3 Value 
Prior to evaluating the non-quantifiable costs and benefits, it is necessary to group them 
into dimensions, which have been identified as adding value to the business.   The 
dimensions to be used are shown on Figure 2.  The definitions used for strategic and 
operational have been adapted from previous work by Irani (Irani et al. 2002b).  A further 
dimension “social” has been added due to the findings of recent post-implementation data 
and interpretation of interview data on the potential future risks to the successful 
implementation of e-business systems within the transportation industry. 
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Figure 2 Measures of value (adapted from Irani 2002) 
 
CATEGORY DIMENSION 
 
SUBDIMENSION 
  
Strategic • Facilitation of innovation 
• Work quality sustainability 
• Building common vision 
Operational • Reduction in resource usage 
• Increase in efficiency 
INTERNAL 
Definition; Made up of factors 
within the business function, such 
as the infrastructure readiness; 
employee readiness and skill sets; 
availability of resources; cultural 
inhibitors,  
Social • Enhanced “quality of work life” 
• Minimisation of “cultural shock” 
• Effective communication between sectors 
• Improved management communication 
• Empowerment 
 
Strategic • Enhanced support for collaboration 
between partners 
• Enhance support for collaboration 
between customers 
• Enhanced security 
• Competitive advantage 
• Support for adaptability 
Operational • Customer service improvement 
• Improved supply chain efficiency through 
internodal integration 
EXTERNAL 
Definition; Made up of factors 
external to the business, such as 
customer relationships; external 
infrastructure weaknesses and 
limitations; current trends in the 
industry; government legislation,    
Social • Enhanced “sustainable” image, increase 
to moral 
• Facilitate organisational learning 
Strategic • Facilitate collaboration 
• Minimising of future congestion 
• Minimise future data redundancies 
• Adaptability 
• Build able flexible foundation 
Operational • Facilitation of information flow 
• Minimise current congestion 
• Minimise data redundancies 
• Infrastructure cost reduction 
ARCHITECTURAL 
Definition; Made up of factors 
identified with the technical 
structure of the organization, such 
as lack of standardization of data; 
weak legacy systems; lack of 
direction in interface ownership; 
which have the potential to impact 
the project outcome and 
realization of requirements. 
 
Social • Reduction of stress at interface 
• Understandable presentation of data 
• Successful transfer of tacit data 
• Minimise mundanety 
• Design for digital median; reduce 
customisation time 
Figure 3 Definitions of categories and subdimension values 
3.2 Entwined and intangible: Data and people 
Each of the categories within the triangle has a complex relationship to each other.  For 
example, each of these works both in a ‘multi-faceted layered approach’ and ‘side by side’.  
The pull starts from the external were customers and competitors demand that the 
organization implement and provide the latest e-business and related technologies, both 
from a strategic or competitive point of view.  However the push comes from the 
architectural and internal area where sound system design, function and accessible reliable 
data, provide users the capacity and tools to innovate, analyze and implement efficiencies, 
which then provide the competitive and productivity advantages which will give the 
competitive strategic benefits.  Each layer needs each other to function, but each also relies 
on the capacity and efficiencies within the other layer to achieve maximum benefit.   
 
Hence the fundamental building block of a successful e-business system is the data and 
information obtained, and how that data is stored, integrated, combined, ‘juggled’ and re-
assessed, the knowledge and insight of the user who manipulates that data, the efficiency 
of the transfer and the disposition of the receiver to accept the information and act on it.  
Deficiencies, unsurety, fear and other cultural and social inhibitors can severely inhibit this 
process.  Lack of information in a digital easily accessible and transferable form is also an 
inhibitor; this aspect has implications for the railway industry where so much knowledge, 
information and experience are locked in tacit form.  To transfer this into a digital format 
can take time, be costly, and impossible if the holder of that knowledge is feeling fearful 
and against the use of new technologies. 
4. THE FUZZY SYNTHETIC DECISION 
4.1 Fuzzy Logic 
The findings from the industry interviews and the literature point to the fact that 
organisations are becoming increasingly aware of the hidden intangible costs and benefits 
and of the value of knowledge, information, and efficient communication.  However, the 
problems arise in how to summarise and “value” them in a manner that will enable a 
decision maker to analyse their impact.  The evaluation process has more to do with 
fuzziness rather than randomness as a major source of imprecision. It has been suggested 
that in such situations it is appropriate to handle the uncertainty via fuzzy set theory which 
has been shown to be a useful tool to hand such imprecision (Kacprzyk et al. 1995; Zadeh 
1965). 
Unlike other decision making tools, however, the decision maker is not faced initially with 
a variety of alternatives.  The fuzzy technique is used instead to provide consistency in a 
complex subjective situation by effectively minimising the problems of individual 
judgement. It also provides some clarity where fuzziness in perception is caused by the 
complexity that cannot be comprehended at once. 
4.2 The process 
The process has been spilt into three stages: 
 
Stage 1: Define where the organisation currently stands in regards to implementation of e-
business and which categories are lagging behind 
 
Stage 2: Define the priority of categories to the organisation and what benefits are desired 
to be gained by the implementation of the system 
 
Stage 3: Evaluate those benefits, in regards to their potential value at the current time to 
the organisation (i.e. do they fulfil the required benefits and do they supply the benefits 
that the organisation needs) and evaluate the risks by highlighting the redundancies. 
Stage 1: Hence the first stage of the evaluation process has to be to determine exactly 
where the organisation is currently within the three categories of internal; external and 
architectural, to determine what areas may be being comprised and where risks may 
potentially lie.   
Using the principals of fuzzy logic, each category is evaluated for their score of EMaturity 
(EMaturity being defined as the level at which the organisation is at in their e-business 
development).  The aim being both to reach the highest level and to keep each category 
consistently at the same at the same level.  In this scenario the cases to be evaluated are in 
fact the three categories of EMaturity, internal, external and architectural.  So set E is 
made up of 3 categories which are to be evaluated: 
 E = {Em}, m = 1,..M, M=3 
The categories are evaluated for certain criteria (Table 1 shows and example), which are 
defined by the fuzzy linguistic values of: 
        Low  Æ   Below average  Æ  Average/Medium   Æ  Higher than average  Æ High 
Each value corresponding to level of achievement commencing from Level 1 to level 5. 
An organisation having all categories at Level 1 being generally defined as one where 
there is a majority of stand alone manual systems or in-sector built systems, level of use of 
technology is mainly unskilled and there is a general fear of technology implementation as 
it “means redundancies”.  E-business implementations as a whole are sector driven and 
there are little strategies in place to guide technology change overs.  Level 5 organisations 
are defined as organisations where e-business is no longer a separate process but fully 
integrated into the company process. 
Table 1 An example of linguistic defining of sub criteria 
Criteria  EMaturity Categories
 Sub Criteria EMarch EMint EMext 
Culture Fear HA L
 Skills L A 
Integration Standardisation BA L L 
 System co-ordination L L L 
 Sector co-ordination BA L L 
Information Digitisation L  
 Accessibility L
Note L = Low, BA = Below Average, A = Average, HA = higher than average 
The EM is then derived from a fuzzy weighted combination of the individual criterion 
outcomes, and the weight of the importance value which has been derived from expert 
opinion. 
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where: 
 EM  is the EMaturity weighting, calculated for each separate category 
Oij is the outcome for category i with relationship to criterion j 
Wjp is the weight assigned to criterion j by expert opinion p 
 
The score achieved for each category will indicate at what level the organization is 
currently in relation to its e-business culture and hence will give a primary indication as to 
which direction resources should be allocated. 
 
Stage 2:  At this stage the benefits hoped to be achieved are defined by the user and 
weightings given to define the ‘criticality’ and importance of each benefit.  Priorities are 
given to each category.  Once again a fuzzy evaluation is done to determine the ‘E 
Objective’ or desired outcomes from the system.  It is important that this analysis be 
undertaken by various stakeholders in the organisation, to minimize further the subjectivity 
of the outcomes. 
 
Stage 3:  The final stage breaks down the components of the system into ‘attributes’ (for 
example ‘24/7 customer centric reporting’ and evaluates them under an analytical 
hierarchy process supported by weightings obtained from stage one and two.  Each 
attribute is assessed under the various actors (i.e. centric reporting requires knowledge and 
understanding of the customer base, capacity in the communication channel to the 
customer, integration with the customer system or required technology capacity at the 
customer end to receive the information etc.) which are required.  
 
The value of each attribute is assigned by how much it is ascertained that they will 
contribute to increasing the maturity of the associated category, achieving the required 
benefits minus the probability of risk achieving that attribute.  Thus stage 1 and 2 set the 
objective, and stage 3 evaluates the attributes under each criterion and category.  The 
importance of each attribute is assigned by the weights obtained from the results of stage 1 
and 2 where the user 
• Defined what would be of value to the organization and, 
• What was of priority to the organization 
 
Once the weights are assigned, the weights and values are summed for each attribute 
within its specific criterion and category.  Such that the final “value” of the factor will be 
the summation of potential benefits and costs, and the aggregation of these will give a final 
score for the strategic, operational and social dimensions.  Only relevant features will be 
listed for each factor, so each interface will be constructed pertinently to the factor being 
evaluated.  
Hence the score for a factor will be a summation of the base score, the fuzzy aggregate and 
the pre-calculated weightings; 
( )( ){ } 21, EOEMXxxxS F ∈= µ  
where S is the calculated value, µF(x) the fuzzy membership function and EM the 
EMaturity score and EO the desirability score. 
Hence the total ‘value’ of the system will be a function of as; 
Valuetotal = 
∑(Internal(Valuestrategic.Valueoperational.Valuesocial))(External(Valuestrategic.Valueoperational.Valu
esocial)(Architectural(Valuestrategic.Valueoperational.Valuesocial) 
 
And ‘value’ is being determined from: 
(The amount of what is needed being achieved)+(the amount of what is required that is 
being achieved)+(the probability that you will achieve this) 
It is proposed that the user interface of the system will be presented as in Figure 4, where 
the available features of the factor ‘online dissemination with customers’ is listed as an 
example.   
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Propose interface for evaluation tool 
For each feature, the evaluator specifies which user will be gaining value from the feature 
and at what value will that benefit or risk felt.  The final “value” of the factor will be the 
summation of potential benefits and costs, and the aggregation of these will give a final 
score for the strategic, operational and social dimensions.  Only relevant features will be 
listed for each factor, so each interface will be constructed pertinently to the factor being 
evaluated.  
5. SUMMARY 
The model proposed here will act as an aid to the decision maker by giving greater 
understanding of the potential hidden costs and benefits involved in the implementation of 
e-business systems. 
In summary it is proposed that the model poses three questions: 
 What systems will better serve the organization in its current state 
 What cultural and social inhibitors are present which may pose hidden costs 
and inhibitors on achieving the maximum benefits 
 What value will the system add to the supply chain and the organization? 
 What potential compromises will be required to achieve that value and how 
significant will those compromises be? 
Hence the model is proposed as an analytical tool which has the ability to highlight, 
analyze and summarize quantitatively those costs and benefits which previously may have 
been ignored.  This ensures a more holistic assessment of each category and minimizes 
subjectivity.  Ultimately, however, the evaluator is in control of the decision-making 
process and the framework is there merely to give guidance and highlight risks and pitfalls. 
Since it initiation the model has undergone various refinements and modifications, 
however further work is still needed to refine the model in order to ensure that the 
optimum solution for minimizing the subjectivity in this problem and obtaining a figure 
for the ‘value’ is obtained.  The next step being to analyse and review the model within a 
real e-business system implementation within the railway. 
Also further work is required in the analysis of the question of ‘conversion or acquisition’.  
Results from the interviews indicate that despite the technology being in place, “smart” use 
of the technology is limited.  Is this lack due to confidence in the users, lack of thinking 
outside the box, or fear of the unknown?  Should initial training and conversion strategies 
be more aggressive both in targeting staff that will use the technology and customers who 
will receive the results from the technology? How much is this a driver in achieving the 
maximum benefits and “smart” solutions from the implementation of the technology? 
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